Introduction {#S0001}
============

Multiple sclerosis (MS) is a chronic central nervous system (CNS) disease. It is characterized by the infiltration of the brain and spinal cord by inflammatory cells, the presence of demyelination areas, axonal degeneration and glial cells destruction \[[@CIT0001]--[@CIT0003]\]. Multiple sclerosis is an autoimmune disease resulting from the collapse of the immune system tolerance. Immunity balance loss is based on the presence of the pathological immune response. It leads to cross reactions with the organism\'s own protein. In the case of MS, these are myelin antigens \[[@CIT0004]--[@CIT0006]\]. The incorrect recognition of organism\'s own antigens or an antigen imitating one\'s own takes place on the level of the lymph node \[[@CIT0007]\]. From that place autoreactive lymphocytes (especially CD4+ cells) find their way to the circulatory system. Afterwards, they migrate through the blood-brain barrier to infiltrate the brain and spinal cord. The result is the destruction of myelin sheaths of axons by various immune system cells like B cells and cytotoxic macrophages \[[@CIT0008]\].

The fundamental element of pathological changes in MS is the demyelination of neurons. There are four characteristic demyelination models presented in the literature: demyelination by T cells and macrophages, demyelination by antibodies and complement activation, demyelination through distal oligodendropathy also known as oligodendrocyte apoptosis and demyelination by primary oligodendrocyte degeneration \[[@CIT0009], [@CIT0010]\].

The molecular pathogenesis of MS expertise has enabled identification of cells and their surface molecules making them the target of therapy \[[@CIT0011]\]. Currently there are several kinds of patient treatment: symptomatic treatment, the treatment of the disease relapse (mainly with the usage of corticosteroids) and long-term treatment (with the usage of immunomodulating and immunosuppressive medications). Multiple sclerosis is a chronic disease, therefore long-term therapy constitutes the basis which apart from maintaining the patient\'s well-being should protect the patient from the disease relapses. Immunomodulating treatment uses interferon β-1-a and β-1-b, mitoxantrone, glatiramer acetate, natalizumab and fingolimod \[[@CIT0012]--[@CIT0014]\]. The choice of appropriate medication depends on the form and the kind of individual MS symptoms.

Fingolimod is the newest registered drug that significantly differs from the ones used until now. The capsule of fingolimod is administered orally once a day as opposed to preceding drugs administered subcutaneously or intravenously. The mode of action of fingolimod is based on inhibiting autoreactive immunological response on the lymph node level. It bonds compactly with S1P1 receptor which prevents lymphocytes from leaving secondary lymphatic organs. This prevents the penetration to the circulatory system and the invasion of CNS. What is more, the research shows that fingolimod penetrates easily the blood-brain barrier and has neuroprotective effects on the brain tissue \[[@CIT0015]--[@CIT0017]\]. Until now there have been many publications on cardiological and pulmonary side effects of fingolimod treatment but there has been no record of its effect on the basic lymphocyte subset frequencies in peripheral blood and the functioning of the immune system.

The objective of the research was to assess changes in the frequencies of basic lymphocyte subsets in patients treated for multiple sclerosis with the use of fingolimod and to determine its clinical implications.

Material and methods {#S0002}
====================

Patients {#S20003}
--------

The study group comprised of 25 previously untreated adult patients with MS (10 females, 15 males), hospitalised in the Department of Neurology, Medical University of Lublin, Poland. The patients were diagnosed on the basis of standard criteria. Before treatment initiation, peripheral blood samples from every person were collected and the frequencies of basic lymphocyte subsets were measured. The patients were treated with fingolimod at doses of 0.5 mg/kg body weight/day during approximately 6 months. The percentages of lymphocyte subsets were assessed one month, three months, and six months after treatment initiation. None of the patients had signs of infection at the time of investigation and for a month before sampling, none had been taking drugs of known influence on the immune system, and none had undergone blood transfusion. Patients with a history of allergic diseases were excluded from the study. The research protocol was approved by the Ethics Committee of the Medical University of Lublin and all patients gave written informed consent.

Isolation of peripheral blood cells and the detection selected lymphocyte populations.

Venous blood samples were collected from the study patients by venipuncture using sterile, lithium heparin-treated tubes (S-Monovette, SARSTEDT, Aktiengesellschaft & Co., D-51588 Nubrecht, Germany). Peripheral blood mononuclear cells were aseptically separated by a standard density gradient centrifugation (Gradisol L, Aqua Medica, Poland). The percentage of cells expressing surface markers were analysed. The cells were phenotypically characterised by incubation (20 min in the dark at a room temperature) with a combination of relevant fluorescein isothiocyanate (FITC), phycoerythrin (PE) and CyChrome-labelled monoclonal antibodies (mAbs). Immunofluorescence studies were performed using a combination of the following mAbs: CD3 PE, CD19 PE, CD3 FITC/CD19 PE, CD4 PE, CD8 PE, CD8 FITC/CD4 PE, CD3 FITC/CD16/CD56 PE, CD25 CyChrome and CD69 CyChrome, purchased from BD Biosciences (USA). Three-colour immunofluorescence analyses were performed using a FACS Calibur flow cytometer (Becton Dickinson) equipped with 488 nm argon laser. A minimum of 10,000 events was acquired and analysed using CellQuest Software. The results were presented as a percentage of CD45+ cells stained with the antibody. The percentage of positive cells was calculated by comparing with the control. Background fluorescence was determined using isotype-matched directly conjugated mouse anti IgG1/IgG2α monoclonal antibodies. The samples were gated on forward scatter vs. side scatter to exclude debris and cell aggregates.

Statistical analysis {#S20004}
--------------------

Statistical analysis of the results was conducted using Statistica 9.0. Deviation from normality was evaluated by Kolmogorov-Smirnov test. Data were expressed as the mean value ± SD, median, minimum and maximum. Differences between groups were assessed using the Mann-Whitney *U* test. A value *p* less than 0.05 was considered statistically significant.

Results {#S0005}
=======

Before fingolimod administration, median of lymphocyte subsets percentage in each patient was as follows: T CD3+ cells -- 77.70%, B CD19+ cells -- 8.00%, NK cells -- 11.16%, NKT-like cells -- 1.96%, T CD4+ cells -- 58.67%, T CD8+ cells -- 17.69%, and T CD4+:T CD8+ cells ratio -- 3.60. After 1 month of treatment we noticed significant changes in frequencies of the following lymphocyte subsets: T CD3+ cells -- 38.57% (*p* = 0.04), NK cells -- 51.22% (*p* = 0.016), T CD4+ cells -- 11.58% (*p* = 0.01). There was also a decrease in T CD4+:T CD8+ cells ratio -- 0.61 (*p* = 0.005). After 3 months of treatment, there was a further increase in deviation from the normal state, expressed especially in the downgrading of T CD4+:T CD8+ cells ratio (0.46) compared to the initial state (*p* = 0.001). After 6 months, the median of T CD4+:T CD8+ cells ratio amounted to 0.35 and the significance compared to the pre-treatment state amounted to *p* \< 0.001 ([Table 1](#T0001){ref-type="table"}).

###### 

Mean percentage lymphocyte subsets in peripheral blood of patients before the initiation of the fingolimod treatment (0) and 1, 3, and 6 months after the initiation. Bold marks the most statistically significant changes

                                0              1 month                     3 months                          6 months
  ----------------------------- -------------- --------------------------- --------------------------------- ---------------------------------
  CD3+                          77.69667       38.57 (p = 0.04208)         38.34556 (p = 0.000051)           41.261 (p = 0.000377)
  CD19+                         8.003333       3.065 (p = 0.170483)        3.613333 (p = 0.007568)           6.69 (p = 0.766231)
  **NK**                        **11.16333**   **51.22 (p = 0.016366)**    **49.60222 (p = 0.000006)**       **53.92 (p = 0.000011)**
  NKT-LIKE                      1.963333       6.85 (p = 0.403366)         8.335556 (p = 0.010023)           5.092 (p = 0.078942)
  **CD4+**                      **58.67333**   **11.575 (p = 0.012231)**   **10.50778 (p = 0.00000004)**     **8.284 (p = 0.0000000008)**
  CD8+                          17.69333       19.305 (p = 0.607614)       25.10222 (p = 0.061487)           21.405 (p = 0.148312)
  **CD4+:CD8+RATIO**            **3.6**        **0.605 (p = 0.005314)**    **0.461111 (p = 0.0000000006)**   **0.354 (p = 0.0000000000008)**
  CD3+/CD25+INCD3+              54.79          22.695 (p = 0.036754)       10.42667 (p = 0.0000001)          9.556 (p = 0.000000003)
  CD19+/CD25+INCD19+            44.11333       36.335 (p = 0.2347)         21.29222 (p = 0.000024)           16.733 (p = 0.00000062)
  CD4+/CD25+INCD4+              69.31          54.285 (p = 0.043363)       23.35889 (p = 0.0000595)          35.283 (p = 0.00075)
  CD4+/CD25+HIGH(INCD4+) TREG   5.11           9.065 (p = 0.56481)         6.795556 (p = 0.434686)           9.075 (p = 0.070438)
  CD4+/PD--1+                   12.71333       24.55 (p = 0.454652)        35.32111 (p = 0.007413)           37.713 (p = 0.002907)
  CD8+/PD--1+                   9.116667       8.365 (p = 0.824361)        7.517778 (p = 0.117409)           10.662 (p = 0.442726)
  CD19+/PD--1+                  3.336667       10.915 (p = 0.481269)       8.436667 (p = 0.125253)           7.282 (p = 0.000429)

The most statistically significant deviations concerned the subsets of CD4+ cells ([Fig. 1](#F0001){ref-type="fig"}), NK cells ([Fig. 2](#F0002){ref-type="fig"}) and the CD4+:CD8+ cells ratio ([Fig. 3](#F0003){ref-type="fig"}).
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Discussion {#S0006}
==========

Although the decrease in the percentage of the CD4+ cells and the decrease in CD4+:CD8+ cells ratio are characteristic of the HIV infection \[[@CIT0018]\], they can also occur during sepsis \[[@CIT0019], [@CIT0020]\], steroid treatment \[[@CIT0021]\], or Ebola virus infection \[[@CIT0022]\]. Such changes can also result from glutathione and N-acetylcysteine deficiency \[[@CIT0023]\]. They can also be physiological for elderly people \[[@CIT0024], [@CIT0025]\] and can be idiopathic \[[@CIT0026]\]. The cellular deficiency defect can result in the increased susceptibility to virus, fungus and parasite infections.

Increased susceptibility to the viral infection of serious course was noticed during TRANSFORMS research. The purpose of the research was to assess the effectiveness and safety of fingolimod treatment compared to IFN-b treatment in a remitting-relapse type of MS. The research comprised of 1292 patients from 172 clinical centres from 18 countries. In the course of 12 months of drug administration, there were 2 fatal cases. Both concerned patients treated with fingolimod. One was caused by primary disseminated zoster virus infection in the patient with negative history of varicella infection and negative for viral antibodies. The male patient fell ill after contact with a child with varicella. The fingolimod treatment was continued and intravenous antiviral treatment was administered. Despite antiviral treatment the patient died after 3 days. The second case concerned the decease of a male patient with herpesviral encephalitis. The patient felt ill on 339 day of fingolimod treatment. Because of the suspicion of MS relapse based on symptoms, intravenous methylprednisolone treatment was administered. After a week from the beginning of symptoms of encephalitis, intravenous antiviral treatment was added. The patient died 2 months after starting the treatment \[[@CIT0027]\].

In the following year, a case record of primary disseminated zoster virus infection in a female patient treated with fingolimod for MS was made by Uccelli *et al*. The patient was administered acyclovir (at first intravenously, then orally). After 15 days cutaneous lesions receded and there were IgM and IgG antibodies against VZV present in blood serum \[[@CIT0028]\].

Another case of viral infection during fingolimod treatment was adduced by Gross *et al*. A male patient after 42 months of fingolimod treatment had symptoms of left sided facial nerve paralysis and left-side zoster. The patient complained about adverse vertigo which was the result of vestibulocochlear neuritis. He was diagnosed with Ramsay Hunt syndrome type II. Fingolimod treatment was stopped and 21 days of acyclovir treatment was administered. The patient recovered. The treatment with S1P1 inhibitor was discontinued \[[@CIT0029]\].

Ratchford *et al*. described a case of infection in a fingolimod-treated patient as well. After 3 months of the medicine application blisters with an erythematous ground appeared on a 50-year-old male patient\'s skin. The patient was diagnosed with zoster and after 4 days of rash appearance, an orally administered acyclovir antiviral treatment was commenced. After another 4 days, the patient suffered generalized seizure resulting in deep coma. The patient needed mechanical breath support with a ventilator. The PCR test for VZV DNA of the cerebrospinal fluid was performed and it confirmed zoster encephalitis. MRI showed 2 spots of ischemic lesions which were recognized as a result of the zoster vasculitis. Intensive pharmacotherapy with levetiracetam, acyclovir (21 days, intravenously) and prednisone (7 days) was commenced. The patient\'s condition gradually improved and after a month after initial symptoms he regained his state from before the infection \[[@CIT0030]\].

Ricklin *et al*. took saliva and blood samples from patients to assess antiviral response of patients treated with fingolimod. The samples have been taken from patients before treatment, after 3 months of fingolimod treatment, from patients treated with interferon β and patients not treated with drugs. There was also a control group of healthy patients. The results showed increased symptomless reactivation of VZV and EBV in saliva in patients treated with fingolimod in comparison to the control group \[[@CIT0031]\].

In his work, Cervera presented research on the influence of the fingolimod mode of action on frequency of infections in patients treated with the drug. He asserted that lymphocytopenia caused by a shift in lymphocyte distribution does not result in the increased incidence of opportunistic infections. Although he noticed such regularity considering the infections caused by the herpes virus family. He took note of the need of the observation of the patients treated with fingolimod considering infections of herpes virus etiology \[[@CIT0032]\].

The changes in basic lymphocyte subset frequencies described in this study concern the decrease in T CD4+ cells percentage and T CD4+:T CD8+ cells ratio. The longer the patients take fingolimod the lower the count of cells involved in cellular response. It can explain the tendency to an increased number of adverse viral infections in fingolimod-treated patients which was described in the literature.

Beside the T cells subsets deviation there is a statistically significant increase in NK cells percentage. Primary immune response is based on the NK cells ability to rapid cytokine and chemokine production and the destruction of a target without earlier hypersensitivity. Until now it has been said that the increase in the NK cell percentage was explained by NK cells leukemia \[[@CIT0033]\], physiological aging process \[[@CIT0034], [@CIT0035]\] and a period of acute virus infection \[[@CIT0036]\].

Conclusions {#S0007}
===========

The results of our research show a change in basic lymphocyte subsets frequencies which are caused by fingolimod\'s mode of action. The drug does not allow the lymphocytes to leave the secondary lymph organs through the intense receptor S1P1 inhibition. Not all lymphocyte subsets respond to the drug with the same sensitivity. Presented results suggest that fingolimod affects CD4+ cells the most as the decrease in the number of CD4+ cells was the most significant. It can be concluded from observations that the deviation in lymphocyte subsets frequencies in peripheral blood extends with the length of the treatment with S1P1 receptor inhibitor. These observations correlate with the literature describing clinical side effects of taking fingolimod. Researchers from numerous clinical centers present cases of the patients with adverse virus infections during fingolimod treatment. The infections can be a symptom of deficient cellular immunity resulting from the decrease in CD4+ cells percentage which are a key element of the aforementioned response.

The authors declare no conflict of interest.
